Escherichia coli producing the highly virulent, multidrug-resistant, CTX-M-15 extended-spectrum ␤-lactamase (ESBL), sequence type 131 (ST131), has emerged on three continents since the late 2000s. We described the molecular epidemiology, clinical features, and outcome of ESBL-producing E. coli bacteremia in Taiwan Independent risk factors predicting mortality at day 28 included malignancy, shock, and hospital-acquired bacteremia. In ESBLproducing E. coli bloodstream infections, the ST131 clone was not associated with health-care-associated risk factors, such as urinary catheter use or antibiotic exposure. Although highly virulent and multidrug resistant, the ST131 clone was not associated with higher mortality than non-ST131 clones.
B
etween 2000 and 2006, Escherichia coli clone O25:H4-ST131, which produces CTX-M-15 extended-spectrum ␤-lactamase (ESBL), was identified on three continents and later found to be widespread in Europe, Australia, and the United States of America (6, 11, 13, 17, 19, 22, 24) . The sequence type 131 (ST131) strain was associated with high, homogenous, extraintestinal virulence and multidrug resistance (6, 11, 13, 17, 19, 22, 24) . Virulence gene analysis indicated that clone ST131 strains were more likely than non-ST131 strains to possess traT, iutA, iha, ompT, fimH, malX, fyuA, kpsM, or sat genes (6, 11, 13, 17, 19, 22, 24) . Pulsotype analysis revealed that CTX-M-15 ST131 clones were usually approximately 85% similar (6, 11, 13, 17, 19, 22, 24) .
According to the published literature, most ST131 clones have been identified as a result of urine culture surveillance, and a few have been isolated from individuals with bacteremia. ST131 clones have been observed in the community, hospitals, and nursing homes (6, 11, 13, 17, 19, 22, 24) as well as in companion animals and poultry (23) . In a French study, ST131 isolates were found in 7% of fecal E. coli isolates from independent healthy subjects and were unaccompanied by the CTX-M enzyme (14) . However, several case reports have shown that ST131 clones can present in cases of severe infection, such as pyomyositis, emphysematous pyelonephritis, and other life-threatening infections (10, 18, 28) . Only two cohorts with ST131 ESBL E. coli bacteremia have been reported in the literature. In these two ESBL E. coli bacteremia series, ST131 was found in 34% of isolates in the Netherlands (27) and 31.3% of isolates in Calgary, Canada (21) . In Calgary's ESBL E. coli bacteremia cohort (21), ST131 isolates producing CTX-M-15 became predominant from 2005 to 2007 and were associated with community-onset infection and urosepsis. However, the detailed demographic features, clinical syndromes, and outcomes in these two cohorts of patients with ESBL E. coli bacteremia in clone ST131 are lacking. In previous risk factor analyses, ESBL E. coli infection was more closely associated with antibiotic use, comorbidity, and urinary catheter use than non-ESBL E. coli infection (2, 9, 15). We did not know whether ST131 clones were associated with the same risk factors as previous traditional ESBL E. coli strains. In the meantime, we did not know if ST131 clones were associated with different clinical syndromes or higher mortality rates in the context of bloodstream infection with ESBL E. coli than non-ST131 clones.
In this study, we collected demographic data, including previous antibiotic use history and clinical syndromes, for patients with ESBL E. coli bacteremia and performed a molecular epidemiological study in all ESBL E. coli isolates. We also compared the demographic risk factors, clinical features, and outcomes between ST131 and non-ST131 clones.
MATERIALS AND METHODS
The study population consisted of all patients age 16 years or older admitted to the E-Da Hospital with at least one positive blood culture of ESBLproducing E. coli during a 6-year period from 1 January 2005 to 31 December 2010. E-Da Hospital is a 1,200-bed major teaching hospital in southern Taiwan that provides both primary and tertiary medical care.
Only strains from the first bacteremic episode were included in the analysis. This study was approved by the institutional review board at E-Da Hospital (no. EMRP-098-006).
Data collection. All patients were evaluated using a structured recording form. Each clinical course of infection was evaluated and recorded according to information supplied by primary care physicians and medical records. The diagnosis of infection focus of bacteremia was based on clinical, bacteriological, and radiological investigations. If no infection focus could be identified, the bacteremia was classified as primary bacteremia.
The following items were recorded for each patient: age; sex; underlying illness; severity of illness (classified with a Charlson comorbidity score) (3); history of hospitalization or outpatient department involvement; antibiotic use history of more than 7 days before the bacteremic episode; operation history within the previous 3 months; existence of a nasogastric tube, central venous catheter, or urinary catheter; initial empirical antimicrobial agents; and outcome. If an in vitro active antimicrobial agent was administered before the final result of blood culture, it was considered adequate empirical therapy.
Microbiological laboratory procedures: bacteriology and antimicrobial susceptibility testing. ESBL production was determined according to the Clinical and Laboratory Standards Institute (CLSI) standards (5) . The ESBL status of each isolate was determined by phenotypic analysis. Isolates that were identified as potential ESBL-producing E. coli underwent a confirmatory double-disk diffusion test according to CLSI guidelines.
Clonal relationships were established by pulsed-field gel electrophoresis (PFGE) of XbaI-digested genomic DNA. The GelCompar software package (version 6.0; Applied Maths, Bionumerics) was used to compare the banding patterns of aggregated data. Strains exhibiting Ͼ80% similarity in the banding pattern were considered to have similar or identical electrokaryotypes. All E. coli isolates were characterized by multilocus sequence typing (MLST) using the 7 standard housekeeping genes (adk, fumC, gyrB, icd, mdh, purA, and recA) according to the protocol and primers specified at the E. coli MLST website (http://mlst.ucc.ie/mlst/dbs /Ecoli) (26) . The bla CTX-M gene groups 1, 2, and 9 in ESBL-producing E. coli isolates were detected by multiplex PCR using specific primers as previously reported. A specific PCR for CTX-M-14 and CTX-M-15 was also performed. DNA sequence analysis of the amplicons was performed to confirm the identity of the ␤-lactamase genes detected in the multiplex PCR assays (4, 7, 25) .
The demographic distributions and clinical features of patients with ST131 or non-ST131 ESBL E. coli bacteremia were compared. Means and standard deviations were calculated for continuous variables. Percentages were used for categorical variables. The associations between potential risk factors and ST131 clone and non-ST131 clone ESBL E. coli bacteremia were investigated using univariate and multivariate logistical regressions. Crude and adjusted odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) were calculated. The potential factors associated with day 28 survival of ESBL E. coli bacteremia were examined by logistic regression. Data were analyzed with SPSS software for Windows (release 10.0; SPSS, Chicago, IL).
RESULTS
ESBL-producing E. coli was isolated from the blood of 122 patients during the 6-year study period. Sixty-four patients (52.5%) were males, 57 (46.7%) were classified as having hospital-acquired infections, and 65 (53.3%) were classified as having communityonset infections.
MLST analysis identified 36 different sequence types among the 122 ESBL-producing E. coli isolates. The most common ST was ST131 (29.5%, n ϭ 36), followed by ST38 (9.0%, n ϭ 11) and ST405 (6.2%, n ϭ 8). The majority of clones (58.3% of ST131 clones and 51.2% of non-ST131 clones) were collected in the emergency room (i.e., community onset). The case numbers of ST131 and non-ST131 clones classified with hospital-onset or community-onset infection during the 6-year study period are shown in Fig. 1 (Fig. 1) .
The demographic data from all ST131 and non-ST131 ESBL E. coli bacteremic patients are summarized in Table 1 . Age and sex distributions were similar between patients with ST131 clones and non-ST131 clones. Although patients with ST131 clones were less likely to have chronic hepatitis or liver cirrhosis, the data did not reach statistical significance (13.9% versus 30.2%, P ϭ 0.065). Patients with ST131 clones were less likely to have a urinary catheter in use during the onset of bacteremia (11.1% versus 27.9%, P ϭ 0.044). A greater percentage of patients with ST131 clones had a history that was negative for antibiotic exposure within the 3 months prior to bacteremia (41.7% versus 24.4%, P ϭ 0.057), although these data did not reach statistical significance. When other risk factors for health-care-associated infection in the prior 3 months (such as recent operation, nasogastric tube/central line use, nursing home residence, or hospitalization) were compared, ST131 and non-ST131 clones were similar (Table 1) .
Regarding clinical syndromes, patients with ST131 isolates were more likely than patients with non-ST131 isolates to have noncatheterized urinary tract infections (55.6% versus 31.4%, P ϭ 0.012). Patients with ST131 isolates were also less likely to be classified as having primary bacteremia (5.6% versus 22.1%, P ϭ 0.027). Secondary bacteremia without an indwelling urinary catheter is still an independent risk factor of ST131 isolates in multivariate analysis after adjustment using logistic regression (Table 2) .
Outcomes, including mortality on day 14, mortality on day 28, and recurrent bacteremia after 7 days of antibiotic use, are depicted in Table 3 . There were no differences between patients with ST131 and non-ST131 isolates. Univariate analysis indicated that malignancy, a high Charlson comorbidity index, chronic liver disease/liver cirrhosis, and presentation with shock were predictors of mortality after 28 days (P Ͻ 0.05) ( Table 4) . Community-onset infection and urinary tract infection were negative predictors of mortality after 28 days (P Ͻ 0.05) ( Table 4 ). Multivariate analysis with logistic regression indicated that underlying malignancy and presentation with shock were independent predictors of mortality after 28 days (P Ͻ 0.05) ( Table 4 ). Multivariate analysis indicated that community-onset infection was still a negative predictor of mortality after 28 days. Neither univariate nor multivariate analysis revealed any difference in mortality rates between patients with ST131 and non-ST131 isolates.
The antibiotic susceptibilities of ST131 and non-ST131 strains were similar in both groups (Table 5 ). ST131 had a trend of greater nonsusceptibility to ciprofloxacin and gentamicin, but these data did not reach statistical significance. Among all antibiotics, ertapenem and amikacin had the best susceptibility profiles ( Table 5) .
Nine of 36 ST131 isolates produced ESBL with CTX-M-15. The remaining 27 ST131 isolates were producers of CTX-M-14 (n ϭ 13) or CTX-M-3 (n ϭ 4) or did not produce CTX-M (n ϭ 10). The XbaI PFGE dendrogram (Fig. 2) for the 36 isolates included 18 PFGE groups, as defined based on Ͼ80% similarity of the PFGE profiles. The largest PFGE group consists of 8 isolates (Fig. 2, black  square) , which were all CTX-M-15 positive. Except for CTX-M-15, all of the other ST131 isolates (CTX-M-14 producers, CTX-M-3 producers, and CTX-M nonproducers) were in different pulsotypes.
We performed subgroup analysis of 36 patients with ST131 isolates. Regarding onset year, CTX-M-15-producing ST131 clones were more likely than non-CTX-M-15-producing ST131 clones to be found in 2010 (88.9% versus 37.0%, P ϭ 0.018). The mean ages in patients with CTX-M-15-producing isolates and non-CTX-M-15-producing isolates were similar (mean age, 66.1 Ϯ 13.9 versus 63.3 Ϯ 
15.7)
. Patients with CTX-M-15-producing ST131 clones were more likely to have urinary tract infection (88.9% versus 55.3%, P ϭ 0.219) and history of fluoroquinolone exposure (55.6% versus 18.9, P ϭ 0.079), although these data did not reach statistical significance. When underlying diseases, other risk factors for health-careassociated infection, clinical syndromes, and outcomes were compared, CTX-M-15-producing clones and non-CTX-M-15-producing clones were similar (data not shown).
DISCUSSION
To our knowledge, this is the first large series of ESBL E. coli bacteremia in which to compare detailed demographic data and infection syndromes in ST131 and non-ST131 isolates. The study cohort showed that ST131 isolates have been found in both community-onset and hospital-onset infections. Similar to the global spread, ST131 has emerged as the most predominant isolate in our cohort of ESBL E. coli bloodstream infections. ESBL E. coli bacteremia caused by ST131 isolates had a broad spectrum of infection syndromes, including urinary tract infection, pulmonary infection, skin and soft tissue infection, intraabdominal infection, and primary bloodstream infection. Our study results agree with the findings from a previous study suggesting that ST131 had a trend toward involving urinary tract infection (21) . Our study further clarifies that this urinary tract infection is especially likely to occur in patients without a urinary catheter. This association with ST131 may be explained by the virulence factor usp or other virulence genes (1, 6, 11, 13, 17, 19, 22, 24) . Previous studies including our institute suggest that the usp virulence gene was more likely to be observed in ST131 (6, 11, 13, 17, 19, 22, 24) .
The findings of this study regarding demographic data also have implications for the possible source of ST131. The risk factors for ST131 appear to differ from those of traditional ESBL E. coli infection (2, 9, 15) . In our study, ST131 isolates were less associated with more comorbidity, antibiotic use, or health care exposure than non-ST131 isolates. In our analysis of health-care-associated factors, ST131 was significant of non-urinary catheter use and had a trend of less antibiotic exposure than non-ST131 isolates. The true origin or transmission route of ST131 in the community remains unknown. Companion animal carriers (23), intrafamilial transmission (10, 18) , or environmental contamination (8) may explain the emergence of ST131 isolates. Further investigation of food animal antibiotic consumption or environmental surveillance may help clarify the origin and transmission of ST131.
ST131 and non-ST131 isolates were associated with similar outcomes. Our study demonstrated that underlying cancer, hospital-onset infection, and shock were independent risk factors for day 28 mortality. This result was similar to a previous study with mortality analysis (12) . Although more virulence factors and antibiotic resistance were observed in the ST131 isolate, patients (16, 20) , both CTX-M-14 and CTX-M-15 ST131 circulated in the community in Taiwan. CTX-M-15-positive strains had a more homogenous pattern in PFGE. Rapid emergence of CTX-M-15 in 2010 in Taiwan needs to be carefully monitored. Except for carbapenem and amikacin, the antibiotic susceptibility of ST131 ESBL E. coli was poor. As circulation of the ST131 isolate grows and resulting community-onset and hospital-onset infection increase, more and more carbapenem use may be unavoidable for patients presenting with urosepsis.
A limitation of this study is that those data were obtained from a single center in Taiwan. ST131 isolates producing CTX-M-14 were predominant in Taiwan, which may differ somewhat from other parts of the world, in which ST131 usually produces CTX-M-15. In addition, because our study was limited to patients with ESBL-producing E. coli, we do not know whether ST131 would have similar risk factors and presentation in non-ESBL-producing E. coli infections. Additional surveillance of both ESBL and non-ESBL E. coli infection may be needed; such surveillance should include more detailed epidemiological data, such as animal contact, poultry consumption, and risk of environmental exposure.
In conclusion, as in other parts of the world, ST131 has emerged in ESBL E. coli bloodstream infections in Taiwan. Clone ST131 seems be a new strain that differs from other ESBL E. coli strains and is not related to more health-care-associated risk factors, such as Foley catheter use. Although more virulence factor has been detected in ST131, patients with the ST131 clone in ESBL E. coli bacteremia did not exhibit a higher mortality rate.
